Introduction
============

C-reactive protein (CRP), a major acute-phase reactant, is primarily synthesized by the liver, and the serum CRP level rapidly elevates in response to tissue injury and inflammation.[@b1-tcrm-13-1009] Moreover, the serum CRP level increases in high oxidative status, including vascular atherosclerosis[@b2-tcrm-13-1009] and malignancies.[@b3-tcrm-13-1009],[@b4-tcrm-13-1009] In addition, some studies reported that CRP itself has pro-inflammatory effect as it can bind to lysosomes of damaged cells and activate the complement system.[@b5-tcrm-13-1009],[@b6-tcrm-13-1009] Serum CRP level is a useful clinical biomarker to predict cardiovascular outcomes[@b7-tcrm-13-1009] or patient mortality,[@b8-tcrm-13-1009] as elevated CRP level is well correlated with clinical or subclinical inflammation.[@b9-tcrm-13-1009]

Several studies have described that the uremic milieu is associated with a state of chronic inflammation and high oxidative stress.[@b10-tcrm-13-1009]--[@b13-tcrm-13-1009] Dialysis patients have increased pro-inflammatory cytokines, including interleukin-1 beta (IL-1β), IL-6, and tumor necrosis factor-α (TNF-α), accompanied by an elevation of serum CRP level.[@b14-tcrm-13-1009]--[@b19-tcrm-13-1009] Cardiovascular accidents are the major culprits of death in dialysis patients as both vascular atherosclerosis and calcification are common findings.[@b20-tcrm-13-1009] Sustained elevation of the serum CRP level has been reported to have a good correlation with cardiovascular deaths in patients on dialysis.[@b21-tcrm-13-1009]

A previous study demonstrated the importance of obtaining a single baseline serum HS-CRP measurement for predicting the 2-year mortality and dropout, including death or transfer to hemodialysis (HD), in patients on PD, independent of age, diabetes, hypoalbuminemia, and the occurrence of cardiovascular events.[@b22-tcrm-13-1009] The ISPD cardiovascular guideline, therefore, suggests seeking treatable causes in patients on PD with high serum CRP levels.[@b23-tcrm-13-1009] However, serum CRP levels vary and are increased for only a fraction of time in any given patient on dialysis.[@b24-tcrm-13-1009] Besides, two prospective studies showed that patients on dialysis with a persistent elevation of CRP had a higher mortality rate than those with occasional CRP elevation.[@b25-tcrm-13-1009],[@b26-tcrm-13-1009] Whether a single baseline serum HS-CRP level can predict longer outcomes remains unclear. Therefore, it was hypothesized that the time-averaged level could be better than a single baseline measurement in representing the long-term inflammatory status and affecting long-term outcome. The aim of this observational cohort study was to explore whether the time-averaged serum HS-CRP level is superior to a single baseline measurement for predicting 5-year mortality and dropout in patients on PD.

Patients and methods
====================

Study population and follow-up
------------------------------

This observational cohort study conformed with the guidelines of the Declaration of Helsinki. Ethics approval (approval number 201600804B0) was obtained from the Institutional Review Board of Chang Gung Medical foundation in Taiwan. Because this study involved a retrospective review of existing data, approval from the Institutional Review Board was obtained without specific informed consent from the patients. Moreover, all individual information was safely protected by delinking identifying information from the main data set and only this delinked information was available to the investigators. Furthermore, all data were anonymously processed. The Institutional Review Board had waived the requirement to obtain any informed consent. Finally, all primary data were collected in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.

In total, 335 patients receiving PD for more than 3 months and having regular HS-CRP examination at 12-month intervals were recruited to this study. All patients were followed up for 60 months and the clinical parameters and outcomes were recorded regularly. The patients were stratified into three tertiles according to their time-averaged serum HS-CRP levels. Patients were excluded if they had acute events (active infection, acute cardiovascular diseases, or cerebrovascular disease) occurring within 1 month before and after each HS-CRP measurement, less than two separate measurements of HS-CRP during the entire follow-up period, a diagnosis of malignancy or encapsulating peritoneal sclerosis (EPS) before January 2010, or loss to follow-up.

Baseline demographic and clinical data, such as gender, age, body mass index (BMI), the presence of comorbidities such as diabetes mellitus (DM), coronary artery disease (CAD), congestive heart failure (CHF), stroke, systemic lupus erythematosus (SLE), liver cirrhosis, hepatitis B, and hepatitis C, the duration of PD at study entry, the PD system used (Fresenius Stay Safe or Baxter), the PD modality (automated PD or continuous ambulatory PD), daily dwell volume, the use of icodextrin, the use of nutrineal, the mean dialysate dextrose level, the dialysate calcium level (2.5 or 3.5 mEq/L), residual urine, hemogram, and biochemical parameters were obtained. PD membrane characteristics such as dialysate-to-plasma concentrations for creatinine (D/P~Cr~), results of the peritoneal equilibrium test (PET), total weekly Kt/V urea, and total weekly creatinine clearance (CCr) were assessed. During the 60-month follow-up, clinical outcomes such as cardiovascular event(s), infection episode(s), newly developed malignancy, encapsulating peritoneal sclerosis (EPS), dropout (death plus conversion to HD), and mortality were recorded. Residual urine was defined as a daily total urine volume of \>100 mL.[@b27-tcrm-13-1009] Cardiovascular events were defined as at least one acute myocardial infarction or cerebral vascular accident during the entire follow-up period. Infection episodes were defined as at least one PD-or non-PD-related infection during the entire follow-up period. Malignancy was defined as newly diagnosed cancer confirmed by pathologic report during the entire follow-up period. The diagnosis of EPS was based on the clinical bowel obstructive symptoms with compatible abdominal computed tomographic findings.

Laboratory parameters
---------------------

Blood samples were collected within the next few days of the clinical evaluation during a stable PD routine assessment to minimize the effects resulting from any acute event. Serum HS-CRP levels were analyzed by an immunonephelometric method (Nanopia CRP; Daiichi, Tokyo, Japan) and measured annually between 2010 and 2014. The baseline HS-CRP was defined as the October 2009 value. The time-averaged HS-CRP was defined as the mean of all the HS-CRP values obtained annually. Each patient had at least two separate measurements of HS-CRP. The lower limit of detection is \<0.15 mg/L, and the reference value is \<5 mg/L. Serum intact parathyroid hormone (iPTH) levels were measured by a chemiluminometric immunoassay (ADVIA Centaur iPTH; Siemens Medical Solutions Diagnostics, New York, NY, USA). The reference range for iPTH is 7--53 pg/mL. All other biochemical parameters were analyzed by standard laboratory procedures using an automated analyzer.

PD membrane characteristics
---------------------------

The adequacy of PD was assessed by measuring the total weekly Kt/V urea and CCr. The total weekly CCr was normalized to 1.73 m^2^ body surface area (BSA). Dialysate creatinine level was corrected for glucose interference. Dialysate-to-plasma concentrations for creatinine (D/P~Cr~) at the end of a 4-hour dwell was calculated. All patients were classified into one of four transport categories (high, high average, low average, and low) based on results of the PET.[@b28-tcrm-13-1009]

Statistical analysis
--------------------

Continuous variables are expressed as the means ± standard deviations, and categorical variables are expressed as numbers and percentages (shown in brackets). All data were checked for normal distribution and equal variances before they were analyzed. For comparisons among three patient groups, continuous variables were analyzed by one-way analysis of variance (ANOVA), whereas categorical variables were analyzed by chi-square or Fisher's exact test. *P*-values less than 0.05 (*P*\<0.05) were considered statistically significant. Predictors of mortality were examined using Kaplan--Meier analysis. The log-rank test was used to compare survival curves among three patient groups. Univariate Cox regression analysis was used initially to compare the frequencies of possible risk factors for mortality. The multicollinearity of the variables was checked by variance inflation factor (VIF) before running the multivariate analysis. Any variable with a VIF more than 5 would be eliminated from the model. To control for potential confounding factors, multivariate Cox regression analysis (enter method) was performed to analyze the factors identified as significant (*P*\<0.05) in univariate analysis that met the proportional hazards assumption. To compare the mortality and dropout predictability of serum baseline and time-averaged HS-CRP level, receiver operating characteristic (ROC) curve analysis was constructed. The differences of the areas under ROC curves (AUC) were examined and compared by using roccomp command in STATA. All analyses were performed using PASW Statistics for Windows, Version 18.0 (SPSS Inc.; Chicago, IL, USA) and STATA for Windows, Version 14.0 (STATA Corp., TX, USA).

Results
=======

Baseline patient demographic and biochemical characteristics
------------------------------------------------------------

We enrolled 335 patients (mean age 48.7±13.5 years; range 14--89 years) in this cohort observational study. Five patients (1.5%) were younger than 18 years. The mean baseline PD duration when patients were enrolled was 52.7±41.3 months (range 3--222 months). Further analysis of PD duration in these patients revealed 200 patients (59.7%) with PD duration of 1--5 years, 107 patients (31.9%) with PD duration of 5--10 years, and 17 patients (5.1%) with PD duration of more than 10 years. All of the patients received regular HS-CRP measurement at an interval of 12 months. The overall average number of HS-CRP measurement was 4.58 times per patient. [Table 1](#t1-tcrm-13-1009){ref-type="table"} shows the baseline demographic and laboratory characteristics of these 335 patients categorized into three tertiles based on the time-averaged serum HS-CRP level. The mean time-averaged serum HS-CRP values were 1.38 (0.25--2.65) mg/L in the lower tertile (T1), 5.07 (2.66--8.55) mg/L in the middle tertile (T2), 21.05 (8.58--109.47) mg/L in the upper tertile (T3), and 9.18 mg/L overall for the study population. Among the three tertiles, no significant differences were observed for gender, comorbidities including CHF, stroke, SLE, liver cirrhosis, and hepatitis C, the PD system (Fresenius Stay Safe or Baxter), the PD modality (automated PD or continuous ambulatory PD), the use of icodextrin, the use of nutrineal, and the dialysate calcium level (2.5 or 3.5 mEq/L). The mean age (*P*=0.001) differed significantly across the three tertiles -- that is, 46.4 years in T1, 47.0 years in T2, and 52.6 years in T3. The number of patients with DM (*P*=0.001), CAD (*P*=0.042), and hepatitis B (*P*=0.025) also differed significantly. Significant increases in the PD duration (*P*=0.022) and BMI values (*P*\<0.001) were observed across the three tertiles with the highest tertile having the highest values. Up to 80.2% of patients in T1 had residual urine (*P*\<0.001), whereas 68.5% of patients in T2 and 52.3% of patients in T3 had residual urine. Both daily dwell volume (*P*=0.020) and mean dialysate dextrose level (*P*=0.001) were significantly different. The white blood cell count (*P*\<0.001) and the platelet count (*P*\<0.001) were significantly increased as the tertile increased, whereas the hemoglobin level (*P*=0.017) decreased with increasing tertile.

The lipid profile showed a significant increase in triglyceride levels (*P*\<0.001) and a decrease in high-density lipoprotein (HDL) levels (*P*\<0.001) as the tertile increased, whereas low-density lipoprotein (LDL) and total cholesterol levels did not differ across the three tertiles. Glycated hemoglobin (HbA1c) levels (*P*=0.011) were measured in all of the patients, and the results revealed a significant increase as the tertile increased. The serum calcium (*P*=0.027), aluminum (*P*=0.015), and ferritin levels (*P*=0.010) were highest in T3 compared with the other tertiles. The differences in blood urea nitrogen, serum creatinine, albumin, uric acid, phosphorus, and iPTH levels did not reach statistical significance.

Baseline peritoneal membrane characteristics
--------------------------------------------

The peritoneal membrane characteristics in patients on PD are shown in [Table 2](#t2-tcrm-13-1009){ref-type="table"}. Among the three tertiles, the value of D/P~Cr~ and the peritoneal transport status did not differ significantly. However, a trend of more high transporters in the upper tertile and more low transporters in the lower tertile was suggested. For example, 8.1% of the T3 patients were high transporters and 9.0% of the T3 patients were low transporters, whereas 1.8% of the T1 patients were high transporters and 18.0% of the T1 patients were low transporters. During follow-up, 13 of 19 patients with high transporters ceased PD, including seven patient deaths and six patients converting to HD. Moreover, 16 of 43 patients with low transporters ceased PD during follow-up, including six patient deaths, nine patients converting to HD, and one patient receiving kidney transplantation. No significant differences were observed in the weekly Kt/V urea (total) and CCr (normalized) values among the three tertiles.

Patient survival, technique survival, cardiovascular events, infection episodes, newly developed malignancy, and encapsulating peritoneal sclerosis during the 60-month follow-up
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

During the 60-month follow-up, 164 patients (49.0%) ceased PD, including 52 patients who died (15.5%), 100 patients (29.9%) who converted to HD, and 12 patients (3.6%) who underwent kidney transplantation ([Table 3](#t3-tcrm-13-1009){ref-type="table"}). Significant differences were observed for mortality (*P*\<0.001), transplantation rate (*P*=0.043), and technique survival (*P*=0.002) among the three tertiles, whereas no significant difference was evident in the number of patients converting to HD among the three groups ([Table 3](#t3-tcrm-13-1009){ref-type="table"}). The causes of death were infection (9.3%), followed by cardiovascular event (3.0%), sudden death (1.8%), and malignancy (1.5%). The leading cause of conversion to HD was PD peritonitis (18.8%).

The Kaplan--Meier survival analysis and log-rank test revealed that the cumulative patient survival rate was significantly different between T3 and T1 (*P*\<0.001), T3 and T2 (*P*=0.006), and T2 and T1 (*P*=0.033; [Figure 1](#f1-tcrm-13-1009){ref-type="fig"}). In addition, these analyses demonstrated that the cumulative technique survival rate in T1 was significantly higher than that in T3 (*P*\<0.001; [Figure 2](#f2-tcrm-13-1009){ref-type="fig"}). However, despite a trend toward a higher cumulative technique survival rate in the lower HS-CRP tertiles, the difference did not reach significance for the comparisons between T3 and T2 (*P*=0.096) and T2 and T1 (*P*=0.058).

During the 60-month follow-up, significant differences were observed in PD-related and non-PD-related infection episodes (*P*=0.019) among the three tertiles. Because the serum CRP has been recognized as a cardiovascular risk factor, the predictive value of time-averaged serum HS-CRP for subsequent cardiovascular events during a follow-up period of 60 months were examined. More patients (37.5%) in T3 had suffered from cardiovascular events during this period than patients in T2 (26.1%) and T1 (17.9%; *P*=0.004). During the entire follow-up period, 35 patients (10.4%) developed malignancies and 16 patients (4.8%) sustained EPS. The incidence of malignancy in the three tertiles was not significantly different, with malignancy occurring in 9 patients (8.0%) in T1, 8 patients (7.2%) in T2, and 18 patients (16.1%) in T3. Although a trend toward a higher incidence of EPS in the upper tertile was suggested, statistical significance was not reached. These results imply that patients in the higher HS-CRP tertiles are at a higher risk of developing infection(s) and cardiovascular event(s) over a 60-month period.

Time-averaged serum HS-CRP is an independent predictor of mortality and dropout
-------------------------------------------------------------------------------

To further evaluate the independent predictors of mortality, a Cox regression analysis was performed. The univariate Cox regression analysis demonstrated that higher baseline (*P*=0.001) and time-averaged (*P*\<0.001) serum HS-CRP levels, older age (*P*\<0.001), underlying DM (*P*\<0.001), underlying CAD (*P*=0.005), underlying stroke (*P*=0.005), absence of residual urine (*P*=0.031), lower serum albumin levels (*P*=0.001), higher HbA1c levels (*P*\<0.001), lower serum creatinine levels (*P*=0.048), lower serum transferrin saturation levels (*P*=0.020), higher dialysate-to-plasma concentrations for creatinine (*P*=0.025), and the occurrence of cardiovascular event(s) (*P*\<0.001) or infective episode(s) (*P*=0.025) during the 60-month follow-up were significant risk factors for mortality ([Table 4](#t4-tcrm-13-1009){ref-type="table"}). Factors identified as significant (*P*\<0.05) in the univariate analysis were included in the multivariable Cox regression mode (enter method). The multicollinearity of these variables was checked, and there was no variable with a VIF more than 5. Only higher time-averaged serum HS-CRP levels (*P*=0.044), older age (*P*\<0.001), and the occurrence of cardiovascular event(s) (*P*=0.027) during the entire follow-up period were recognized as independent predictors of mortality ([Table 4](#t4-tcrm-13-1009){ref-type="table"}). Every 1-mg/L increase in the time-averaged serum HS-CRP level was accompanied by an increase in mortality of 2.8% independently. To compare mortality predictability of serum baseline and time-averaged HS-CRP levels, ROC curve analyses were conducted. As shown in [Figure 3](#f3-tcrm-13-1009){ref-type="fig"}, the mortality predictability of serum time-averaged HS-CRP levels appeared superior to serum baseline HS-CRP levels (AUCs: 0.717 compared with 0.653; *P*=0.028).

Univariate and multivariate Cox regression analyses were also performed to recognize the risk factors for dropout. The univariate Cox regression analysis revealed that higher baseline (*P*=0.048) and time-averaged (*P*\<0.001) serum HS-CRP levels, older age (*P*\<0.001), underlying DM (*P*=0.001) or CAD (*P*=0.019), longer PD duration (*P*\<0.001), absence of residual urine (*P*=0.007), lower hemoglobin levels (*P*=0.009), lower serum albumin levels (*P*=0.001), higher HbA1c levels (*P*=0.040), higher serum aluminum levels (*P*=0.044), higher mean dialysate dextrose level (*P*=0.015), higher dialysate-to-plasma concentrations for creatinine (*P*=0.003), and the occurrence of cardiovascular event(s) (*P*\<0.001), infective episode(s) (*P*\<0.001), or EPS (*P*\<0.001) during the entire follow-up period were significant risk factors for dropout ([Table 5](#t5-tcrm-13-1009){ref-type="table"}). The multicollinearity of these variables was checked, and there was no variable with a VIF more than 5. The multivariate Cox regression analysis (enter method) revealed that a higher time-averaged serum HS-CRP level (*P*=0.015), the occurrence of cardiovascular event(s) (*P*=0.043), infective episode(s) (*P*=0.003), or EPS (*P*=0.013) during the entire follow-up period were independent predictors of dropout ([Table 5](#t5-tcrm-13-1009){ref-type="table"}). To compare dropout predictability of serum baseline and time-averaged HS-CRP levels, ROC curve analyses were conducted. As shown in [Figure 4](#f4-tcrm-13-1009){ref-type="fig"}, the dropout predictability of serum time-averaged HS-CRP levels appeared superior to serum baseline HS-CRP levels (AUCs: 0.714 compared with 0.659; *P*=0.048).

Discussion
==========

In this observational cohort study, 335 patients were enrolled to assess the risk factors associated with an elevated time-averaged serum HS-CRP level (without active infection) and the impact of time-averaged serum HS-CRP level on mortality and dropout in patients on PD. This study demonstrated that 164 patients on PD (49.0%) had elevated time-averaged serum HS-CRP levels (\>5 mg/L), similar to the Turkish report (47.4%).[@b29-tcrm-13-1009] In this study, patients in the high time-averaged serum HS-CRP tertile had a higher mortality and dropout rate during the 60-month follow-up. Correspondingly, the multivariate Cox regression analysis also demonstrated that the time-averaged serum HS-CRP level is superior to a single baseline measurement as an independent predictor of mortality and dropout.

In this study, the proportion of DM and serum HbA1C levels were increased across the three tertiles. As patients with DM, especially those with poor blood glucose control, are a higher risk of inflammation compared with non-DM patients;[@b30-tcrm-13-1009] more patients with DM and higher HbA1C levels were found in the middle and upper HS-CRP tertiles in comparison to those in the lower tertile. The analysis of lipid profiles demonstrated elevated TG levels and reduced serum HDL cholesterol levels with increased time-average HS-CRP levels. As absorbed glucose contributes to increased TG levels in patients on PD,[@b31-tcrm-13-1009] the increased proportion of patients with DM, also reflected by an increase in HbA1C levels, across the three tertiles possibly caused higher serum TG levels in the upper tertile. High TG levels and low HDL cholesterol levels have been reported in patients on PD.[@b32-tcrm-13-1009] HDL is a protector of vascular inflammation as suppression of cytokine secretion from macrophages and inhibition of LDL oxidation.[@b33-tcrm-13-1009] This may explain lower HDL cholesterol levels in the middle and upper tertiles.

Ma et al reported that serum HS-CRP concentration in patients with chronic hepatitis B was significantly higher than in healthy controls.[@b34-tcrm-13-1009] This study showed a significant increase in the number of patients with hepatitis B as the tertile increased. It was speculated that chronic hepatitis B infection may present a higher inflammation status and, thus, cause a higher HS-CRP level. However, the univariate Cox regression analysis demonstrated that the underlying hepatitis B was not a significant risk factor for mortality or PD dropout.

The relationship between serum HS-CRP and subsequent mortality in patients on PD remains inconclusive ([Table 6](#t6-tcrm-13-1009){ref-type="table"}). Although many studies have demonstrated that serum CRP is a powerful predictor of cardiovascular events and mortality,[@b29-tcrm-13-1009],[@b35-tcrm-13-1009]--[@b38-tcrm-13-1009] some studies have reported that serum CRP is not associated with all-cause mortality significantly.[@b39-tcrm-13-1009],[@b40-tcrm-13-1009] Moreover, membrane transporter status and residual urine have been reported as factors that affect serum CRP levels.[@b41-tcrm-13-1009],[@b42-tcrm-13-1009] Therefore, this literature controversy may be attributed to smaller sample sizes, different analyzed parameters, and shorter study periods.

Although the leading cause of mortality in patients on PD is cardiovascular complications, this study showed that infection -- instead of cardiovascular complications -- was the main culprit of patient deaths during follow-up. Mailloux et al reported that cardiac mortality was not as frequent as anticipated and occurred mainly in patients on dialysis for less than 4 years.[@b43-tcrm-13-1009] In this study, patients had long PD duration (mean 52.7 months) when enrolled and received even longer follow-up (60 months), possibly leading to the finding that infection -- but not cardiovascular complications -- was the main cause of mortality.

An elevated serum CRP level is related to future cardiovascular events in patients with stable or unstable angina pectoris as it is linked to the degree of vascular atherosclerosis in coronary and peripheral arteries.[@b44-tcrm-13-1009],[@b45-tcrm-13-1009] Cardiovascular events are the leading cause of mortality in the dialysis population;[@b46-tcrm-13-1009],[@b47-tcrm-13-1009] in addition to accelerated atherosclerosis, other factors include hypervolemic status and the presence of uremic toxins, anemia, hypoalbuminemia, vascular calcifications, and chronic inflammation.[@b46-tcrm-13-1009],[@b48-tcrm-13-1009],[@b49-tcrm-13-1009] Serum CRP level has been proved to be an independent risk factor of myocardial infarction and cardiovascular mortality in patients on PD.[@b16-tcrm-13-1009],[@b36-tcrm-13-1009],[@b38-tcrm-13-1009],[@b39-tcrm-13-1009] Although the incidence of cardiovascular event(s) was significantly increased across increasing time-averaged serum HS-CRP tertiles, this study showed that time-averaged serum HS-CRP levels were still an independent predictor for all-cause mortality by multivariate Cox regression analysis.

In addition to mortality prediction, an elevated serum CRP level has been associated with PD dropout. However, seldom have studies evaluated the impact of serum CRP levels on PD dropout. The relationship between serum CRP levels and subsequent PD dropout remains unclear (summarized in [Table 6](#t6-tcrm-13-1009){ref-type="table"}). Zalunardo et al reported that the serum CRP was associated with short-term PD dropout independently,[@b50-tcrm-13-1009] whereas the other two studies found that the serum CRP was not a risk factor for PD dropout.[@b35-tcrm-13-1009],[@b51-tcrm-13-1009] This study verified that the time-averaged serum HS-CRP level is well correlated with dropout in patients on PD.

The serum HS-CRP level reflects an inflammatory status, and the causes of elevated HS-CRP levels are, most of the time, difficult to identify. Several studies reported that a high proportion of dialysis patients (30%--50%) had elevated serum CRP levels even if they did not have an active infectious status.[@b38-tcrm-13-1009],[@b39-tcrm-13-1009],[@b52-tcrm-13-1009] Many factors have been proposed to cause an increase in serum CRP levels, including persistent occult infection, decreased renal clearance of pro-inflammatory cytokines, and increased oxidative stress in patients on dialysis. However, a direct correlation between these factors and elevated serum CRP levels has not been well identified. Regardless of interactions between these factors, serum CRP levels are commonly correlated with clinical outcome. Serum HS-CRP fluctuates throughout the PD course, implying that a single serum CRP measurement can underestimate or overestimate the predictive risk of mortality or dropout. In theory, a single serum CRP measurement may predict a short-term clinical outcome, but the averaged value of multiple HS-CRP measurements should outcompete the value of a single HS-CRP measurement in predicting the longer outcome. In fact, only 190 patients (56.7%) had a stable HS-CRP level in the present study, including 126 (37.6%) who persistently had low levels (\<5 mg/L) and 64 (19.1%) who persistently had high levels (\>5 mg/L). Up to 145 patients (43.3%) had varied serum HS-CRP levels. A similar finding was also reported by Ateş et al, showing variation in CRP levels during regular follow-up.[@b29-tcrm-13-1009] In the present study, the result of the multivariable Cox regression mode analysis revealed that the time-average serum HS-CRP level, instead of the baseline HS-CRP level, was an independent predictor of mortality and dropout in patients on PD. The ROC curve analysis also demonstrated that the mortality predictability of serum time-averaged HS-CRP level was superior to that of the serum baseline HS-CRP level. Therefore, the time-averaged serum HS-CRP level provides better value in predicting 5-year mortality and dropout in patients on PD as compared with a single HS-CRP level. These results suggest that repeated measurement at the regular bases is important for prediction of the long-term clinical outcome in patients on PD.

This study has some limitations. First, this study provides only a single-center experience and the analysis of multiple center data is required. Second, as this study excluded patients if they had only a single baseline measurement of HS-CRP, the selection bias would be inevitable. Third, patients with long PD duration are at a relatively higher risk of increased inflammation. Thus, those with relatively longer PD duration (mean 52.7 months) in this study had higher HS-CRP levels when compared to those patients with shorter PD duration in some studies. Clinical application of these results should be undertaken cautiously if the results are applied to patients having a short PD duration. Finally, as relatively younger (mean age 48.7) and more non-diabetic patients (84%) preferred PD as the dialysis modality at Linkou Chang-Gung Hospital, application of these data to elder or diabetic patients on PD need to be further validated. However, large-scale and more comprehensive studies are required to overcome these limitations.

Conclusion
==========

This study shows that the time-averaged serum HS-CRP level is superior to a single baseline HS-CRP measurement in predicting the 5-year mortality and dropout in patients on PD.
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![Comparison of the cumulative patient survival during the 5-year follow-up. The 5-year patient survival was assessed using a Kaplan--Meier analysis, and the significance of differences was determined by the log-rank test. Results of the Kaplan--Meier survival analysis are shown. Patients with high HS-CRP levels had higher mortality rates than patients in the low HS-CRP groups (log-rank test, *χ*^2^=24.400, *P*\<0.001).\
**Abbreviation:** HS-CRP, high-sensitivity C-reactive protein.](tcrm-13-1009Fig1){#f1-tcrm-13-1009}

![Comparison of the cumulative technique survival (transplantation censored) during the 5-year follow-up. The 5-year technique survival was assessed using a Kaplan--Meier analysis and the differences were assessed for significance by the log-rank test. Results of the Kaplan--Meier technique survival analysis are shown. Patients with high HS-CRP levels had higher death or dropout rates than patients in the lower HS-CRP groups (log-rank test, *χ*^2^=12.822, *P*=0.002).\
**Abbreviation:** HS-CRP, high-sensitivity C-reactive protein.](tcrm-13-1009Fig2){#f2-tcrm-13-1009}

![ROC curve analysis for predictability of mortality between the time-averaged and baseline HS-CRP levels.\
**Notes:** Results of the ROC curve analysis for predictability of mortality are shown. The mortality predictability of serum time-averaged HS-CRP levels appeared superior to serum baseline HS-CRP levels (AUCs: 0.717 compared with 0.653; *P*=0.028).\
**Abbreviations:** HS-CRP, high-sensitivity C-reactive protein; ROC, receiver operating characteristic; AUC, areas under ROC curve.](tcrm-13-1009Fig3){#f3-tcrm-13-1009}

![ROC curve analysis for predictability of dropout between the time- averaged and baseline HS-CRP levels.\
**Notes:** Results of the ROC curve analysis for predictability of dropout are shown. The dropout predictability of serum time-averaged HS-CRP levels appeared superior to serum baseline HS-CRP levels (AUCs: 0.714 compared with 0.659; *P*=0.048).\
**Abbreviations:** HS-CRP, high-sensitivity C-reactive protein; ROC, receiver operating characteristic; AUC, areas under ROC curve.](tcrm-13-1009Fig4){#f4-tcrm-13-1009}

###### 

Baseline demographic and laboratory characteristics of patients on PD categorized according to time-averaged serum HS-CRP levels

  --------------------------------------------------------------------------------------------------------------------
  Time-averaged serum\                Total\           Lower tertile\   Middle tertile\   Upper tertile\   *P*-value
  HS-CRP (mg/L)                       (n=335)\         (n=112)\         (n=111)\          (n=112)\         
                                      9.18±12.28\      1.38±0.67\       5.07±1.69\        21.05±15.16\     
                                      (0.25--109.47)   (0.25--2.65)     (2.66--8.55)      (8.58--109.47)   
  ----------------------------------- ---------------- ---------------- ----------------- ---------------- -----------
  Male                                115 (34.3)       37 (33.0)        41 (36.9)         37 (33.0)        0.778

  Age (years)                         48.7±13.5        46.4±13.7        47.0±12.6         52.6±13.5        0.001

  Body mass index (kg/m^2^)           22.5±3.6         21.5±3.1         22.6±3.2          23.4±4.1         \<0.001

  DM                                  54 (16.1)        10 (8.9)         14 (12.6)         30 (26.8)        0.001

  CAD                                 10 (3.0)         1 (0.9)          2 (1.8)           7 (6.3)          0.042

  CHF                                 21 (6.3)         7 (6.3)          9 (8.1)           5 (4.5)          0.533

  Stroke                              18 (5.4)         2 (1.8)          7 (6.3)           9 (8.0)          0.101

  SLE                                 13 (3.9)         3 (2.7)          6 (5.4)           4 (3.6)          0.561

  Liver cirrhosis                     18 (5.4)         4 (3.6)          4 (3.6)           10 (8.9)         0.123

  Hepatitis B                         43 (12.8)        9 (8.0)          12 (10.8)         22 (19.6)        0.025

  Hepatitis C                         21 (6.3)         11 (9.8)         5 (4.5)           5 (4.5)          0.164

  PD duration (months)                52.7±41.3        46.3±40.1        50.6±38.8         61.1±43.9        0.022

  PD system (Fresenius)               7 (2.1)          1 (0.9)          2 (1.8)           4 (3.6)          0.362

  PD modality (APD)                   64 (19.1)        19 (17.0)        24 (21.6)         21 (18.8)        0.672

  Daily dwell volume (L)              8.89±1.96        8.49±1.94        9.20±2.03         8.99±1.86        0.020

  Icodextrin use                      176 (52.5)       54 (48.2)        60 (54.1)         62 (55.4)        0.522

  Nutrineal use                       13 (3.9)         3 (2.7)          4 (3.6)           6 (5.4)          0.574

  Dialysate dextrose (%)              1.86±0.48        1.72±0.44        1.90±0.47         1.96±0.50        0.001

  Dialysate calcium (2.5 mEq/L)       139 (41.5)       46 (41.1)        44 (39.6)         49 (43.8)        0.614

  Residual urine                      223 (67.0)       89 (80.2)        76 (68.5)         58 (52.3)        \<0.001

  White blood cell count (1,000/µL)   7.553±2.649      6.685±2.354      7.619±2.190       8.688±2.832      \<0.001

  Hemoglobin (g/dL)                   10.18±1.53       10.37±1.60       10.33±1.34        9.85±1.60        0.017

  Platelet count (1,000/µL)           249.27±78.29     225.60±62.67     259.50±82.69      262.80±82.96     \>0.001

  Albumin (g/dL)                      4.01±0.42        4.05±0.40        4.03±0.42         3.94±0.44        0.117

  Total cholesterol (mg/dL)           204.2±50.3       203.3±47.1       205.0±50.7        204.4±53.3       0.966

  HDL (mg/dL)                         47.2±14.9        54.0±15.1        44.5±13.8         42.9±13.5        \<0.001

  LDL (mg/dL)                         120.1±40.9       120.2±40.5       120.2±43.4        120.0±39.3       0.999

  Triglycerides (mg/dL)               183.2±106.1      146.5±79.2       204.5±119.7       197.8±106.3      \<0.001

  HbA1c (%)                           5.61±0.92        5.43±0.91        5.59±0.88         5.80±0.95        0.011

  Blood urea nitrogen (mg/dL)         58.84±17.97      61.24±17.48      56.32±19.05       58.93±17.14      0.123

  Creatinine (mg/dL)                  11.27±2.96       11.32±3.03       11.49±3.19        10.99±2.63       0.432

  Uric acid (mg/dL)                   6.83±1.27        6.68±1.14        6.79±1.30         7.04±1.35        0.096

  Calcium (mg/dL)                     9.99±1.03        9.79±1.09        10.05±1.12        10.14±0.84       0.027

  Phosphorus (mg/dL)                  4.99±1.32        4.94±1.18        4.99±1.27         5.03±1.51        0.883

  Aluminum (µg/dL)                    0.90±0.89        0.79±0.75        0.79±0.79         1.11±1.08        0.015

  iPTH (pg/mL)                        336.5±383.8      299.6±345.0      347.1±376.6       362.9±426.1      0.439

  Transferrin saturation (%)          27.2±12.4        28.8±12.0        27.6±10.7         25.4±14.1        0.115

  Ferritin (µg/L)                     326.0±531.6      225.8±349.0      304.3±432.4       446.4±720.0      0.010
  --------------------------------------------------------------------------------------------------------------------

**Note:** Continuous variables are given as mean ± standard deviation, and categorical variables, as number (percentage).

**Abbreviations:** HS-CRP, high-sensitivity C-reactive protein; DM, diabetes mellitus; CAD, coronary artery disease; CHF, congestive heart failure; SLE, systemic lupus erythematosus; APD, automated peritoneal dialysis; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HbA1c, glycated hemoglobin; iPTH, intact parathyroid hormone.

###### 

Peritoneal membrane characteristics of patients on PD categorized according to time-averaged serum HS-CRP levels

  ----------------------------------------------------------------------------------------------------------------
  Time-averaged serum\            Total\           Lower tertile\   Middle tertile\   Upper tertile\   *P*-value
  HS-CRP (mg/L)                   (n=335)\         (n=112)\         (n=111)\          (n=112)\         
                                  9.18±12.28\      1.38±0.67\       5.07±1.69\        21.05±15.16\     
                                  (0.25--109.47)   (0.25--2.65)     (2.66--8.55)      (8.58--109.47)   
  ------------------------------- ---------------- ---------------- ----------------- ---------------- -----------
  Dialysate/plasma creatinine     0.63±0.12        0.62±0.11        0.64±0.12         0.64±0.12        0.149

  Peritoneal equilibration test                                                                        0.087

   High                           19 (5.7)         2 (1.8)          8 (7.2)           9 (8.1)          0.091

   High average                   117 (35.1)       37 (33.3)        45 (40.5)         35 (31.5)        0.331

   Low average                    154 (46.2)       52 (46.8)        45 (40.5)         57 (51.4)        0.268

   Low                            43 (12.9)        20 (18.0)        13 (11.7)         10 (9.0)         0.121

  Weekly Kt/V urea (total)        2.19±0.38        2.21±0.38        2.19±0.38         2.16±0.39        0.587

  Weekly CCr (normalized)         61.1±15.0        62.3±17.2        61.2±15.2         59.7±12.0        0.422
  ----------------------------------------------------------------------------------------------------------------

**Note:** Continuous variables are given as mean ± standard deviation, and categorical variables, as number (percentage).

**Abbreviations:** HS-CRP, high-sensitivity C-reactive protein; CCr, creatinine clearance; PD, peritoneal dialysis.

###### 

Clinical outcomes in the PD patients categorized according to time-averaged serum HS-CRP levels

  -------------------------------------------------------------------------------------------------------------
  Time-averaged serum\         Total\           Lower tertile\   Middle tertile\   Upper tertile\   *P*-value
  HS-CRP (mg/L)                (n=335)\         (n=112)\         (n=111)\          (n=112)\         
                               9.18±12.28\      1.38±0.67\       5.07±1.69\        21.05±15.16\     
                               (0.25--109.47)   (0.25--2.65)     (2.66--8.55)      (8.58--109.47)   
  ---------------------------- ---------------- ---------------- ----------------- ---------------- -----------
  Outcomes                                                                                          \<0.001

   Death                       52 (15.5)        6 (5.4)          15 (13.5)         31 (27.7)        \<0.001

    Infection                  31 (9.3)         3 (2.7)          9 (8.1)           19 (17.0)        0.001

    Cardiovascular event       10 (3.0)         1 (0.9)          4 (3.6)           5 (4.5)          0.261

    Malignancy                 5 (1.5)          0 (0)            1 (0.9)           4 (3.6)          0.072

    Sudden death               6 (1.8)          2 (1.8)          1 (0.9)           3 (2.7)          0.606

   Transfer to HD              100 (29.9)       32 (28.6)        35 (31.5)         33 (29.5)        0.885

    PD peritonitis             63 (18.8)        19 (17.0)        23 (20.7)         21 (18.8)        0.773

    Membrane failure           8 (2.4)          3 (2.7)          5 (4.5)           0 (0)            0.086

    EPS                        16 (4.8)         4 (3.6)          5 (4.5)           7 (6.3)          0.634

    Abdominal operation        7 (2.1)          4 (3.6)          2 (1.8)           1 (0.9)          0.362

    Mechanical complication    2 (0.6)          1 (0.9)          0 (0)             1 (0.9)          0.607

    ADL disability             4 (1.2)          1 (0.9)          0 (0)             3 (2.7)          0.172

  Transplantation              12 (3.6)         2 (1.8)          8 (7.2)           2 (1.8)          0.043

  Technique survival           171 (51.0)       72 (64.3)        53 (47.7)         46 (41.1)        0.002

  Cardiovascular event(s)      91 (27.2)        20 (17.9)        29 (26.1)         42 (37.5)        0.004

  Infection episode(s)         221 (66.0)       64 (57.1)        73 (65.8)         84 (75.0)        0.019

  Malignancy                   35 (10.4)        9 (8.0)          8 (7.2)           18 (16.1)        0.057

   Urothelial cell carcinoma   11 (3.3)         3 (2.7)          4 (3.6)           4 (3.6)          0.908

   Renal cell carcinoma        7 (2.1)          2 (1.8)          3 (2.7)           2 (1.8)          0.859

   Breast cancer               4 (1.2)          1 (0.9)          0 (0)             3 (2.7)          0.172

   Thyroid cancer              4 (1.2)          1 (0.9)          1 (0.9)           2 (1.8)          0.779

   Hepatocellular carcinoma    2 (0.6)          0 (0)            0 (0)             2 (1.8)          0.135

   Gynecologic cancer          2 (0.6)          1 (0.9)          0 (0)             1 (0.9)          0.607

   Prostate cancer             1 (0.3)          1 (0.9)          0 (0)             0 (0)            0.368

   Lung cancer                 1 (0.3)          0 (0)            0 (0)             1 (0.9)          0.368

   Rectal cancer               2 (0.6)          0 (0)            0 (0)             2 (1.8)          0.135

   Brain giloma                1 (0.3)          0 (0)            0 (0)             1 (0.9)          0.368

  EPS                          16 (4.8)         4 (3.6)          5 (4.5)           7 (6.3)          0.634
  -------------------------------------------------------------------------------------------------------------

**Note:** Categorical variables are given as number (percentage).

**Abbreviations:** PD, peritoneal dialysis; HS-CRP, high-sensitivity C-reactive protein; HD, hemodialysis; ADL, activities of daily living; EPS, encapsulating peritoneal sclerosis.

###### 

Hazard ratio of mortality in univariate and multivariate Cox regression analysis

                                      Univariate   Multivariate (enter method)                                     
  ----------------------------------- ------------ ----------------------------- --------- ------- --------------- ---------
  Baseline serum HS-CRP (mg/L)        1.018        1.007--1.028                  0.001     0.984   0.961--1.008    0.187
  Time-averaged serum HS-CRP (mg/L)   1.037        1.025--1.050                  \<0.001   1.028   1.001--1.056    0.044
  Male                                1.005        0.563--1.795                  0.986                             
  Age (years)                         1.083        1.059--1.108                  \<0.001   1.066   1.036--1.096    \<0.001
  Body mass index (kg/m^2^)           1.058        0.986--1.135                  0.116                             
  DM                                  4.182        2.373--7.370                  \<0.001   1.477   0.614--3.554    0.384
  CAD                                 4.266        1.535--11.853                 0.005     1.456   0.418--5.073    0.555
  CHF                                 0.671        0.163--2.758                  0.580                             
  Stroke                              3.120        1.407--6.923                  0.005     1.397   0.536--3.641    0.494
  SLE                                 0.460        0.064--3.327                  0.442                             
  Liver cirrhosis                     1.885        0.749--4.744                  0.178                             
  Hepatitis B                         0.888        0.379--2.079                  0.784                             
  Hepatitis C                         1.627        0.647--4.093                  0.301                             
  PD duration (months)                0.997        0.990--1.005                  0.494                             
  Residual urine                      0.544        0.313--0.945                  0.031     0.730   0.389--1.373    0.329
  White blood cell count (1,000/µL)   1.054        0.963--1.154                  0.250                             
  Hemoglobin (g/dL)                   0.853        0.716--1.017                  0.077                             
  Platelet count (1,000/µL)           0.998        0.995--1.002                  0.416                             
  Albumin (g/dL)                      0.397        0.227--0.691                  0.001     0.575   0.231--1.432    0.235
  Total cholesterol (mg/dL)           0.998        0.993--1.004                  0.527                             
  HDL (mg/dL)                         0.991        0.971--1.012                  0.399                             
  LDL (mg/dL)                         0.996        0.988--1.003                  0.277                             
  Triglyceride (mg/dL)                1.001        0.999--1.003                  0.391                             
  HbA1c (%)                           1.456        1.209--1.753                  \<0.001   1.028   0.694--1.523    0.889
  Blood urine nitrogen (mg/dL)        0.998        0.983--1.014                  0.842                             
  Creatinine (mg/dL)                  0.905        0.820--0.999                  0.048     1.119   0.987--1.268    0.080
  Uric acid (mg/dL)                   1.085        0.874--1.346                  0.462                             
  Calcium (mg/dL)                     0.845        0.650--1.099                  0.208                             
  Phosphorus (mg/dL)                  0.906        0.732--1.120                  0.360                             
  Aluminum (µg/dL)                    0.921        0.643--1.319                  0.653                             
  iPTH (pg/mL)                        1.000        0.999--1.000                  0.403                             
  Transferrin saturation (%)          0.033        0.002--0.589                  0.020     0.083   0.004--1.948    0.122
  Ferritin (µg/L)                     1.000        1.000--1.001                  0.350                             
  PD system (Fresenius Stay Safe)     0.902        0.125--6.529                  0.919                             
  PD modality (APD)                   1.439        0.754--2.743                  0.270                             
  Daily dwell volume (L)              1.003        0.873--1.153                  0.961                             
  Icodextrin                          0.625        0.360--1.083                  0.094                             
  Nutrineal                           1.589        0.826--2.973                  0.323                             
  Dialysate dextrose (%)              1.235        0.724--2.104                  0.439                             
  Dialysate calcium (2.5 mEq/L)       1.114        0.677--1.833                  0.671                             
  Dialysate/plasma creatinine         13.239       1.386--126.46                 0.025     2.703   0.175--41.773   0.477
  Weekly Kt/V urea (total)            0.442        0.200--1.003                  0.053                             
  Weekly CCr (normalized)             0.977        0.956--1.012                  0.062                             
  Cardiovascular event(s)             4.792        2.750--8.350                  ,0.001    2.092   1.086--4.028    0.027
  Infection episode(s)                2.093        1.097--3.993                  0.025     1.110   0.558--2.206    0.766
  Malignancy                          1.610        0.758--3.421                  0.215                             
  EPS                                 0.046        0.000--14.748                 0.296                             

**Abbreviations:** HR, hazard ratio; CI, confidence interval; HS-CRP, high-sensitivity C-reactive protein; DM, diabetes mellitus; CAD, coronary artery disease; CHF, congestive heart failure; SLE, systemic lupus erythematosus; PD, peritoneal dialysis; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HbA1c, glycated hemoglobin; iPTH, intact parathyroid hormone; APD, automated peritoneal dialysis; CCr, creatinine clearance; EPS, encapsulating peritoneal sclerosis.

###### 

Hazard ratio of dropout (transplantation censored) in univariate and multivariate Cox regression analysis

                                      Univariate   Multivariate (enter method)                                    
  ----------------------------------- ------------ ----------------------------- --------- ------- -------------- -------
  Baseline serum HS-CRP (mg/L)        1.008        1.001--1.017                  0.048     0.985   0.968--1.003   0.106
  Time-averaged serum HS-CRP (mg/L)   1.024        1.015--1.034                  \<0.001   1.024   1.005--1.044   0.015
  Male                                1.060        0.756--1.487                  0.735                            
  Age (years)                         1.028        1.014--1.041                  \<0.001   1.012   0.995--1.029   0.156
  Body mass index (kg/m^2^)           0.989        0.946--1.035                  0.642                            
  DM                                  1.895        1.282--2.802                  0.001     1.189   0.635--2.224   0.588
  CAD                                 2.478        1.159--5.295                  0.019     1.463   0.601--3.564   0.402
  CHF                                 1.202        0.633--2.282                  0.575                            
  Stroke                              1.703        0.944--3.073                  0.077                            
  SLE                                 0.500        0.159--1.568                  0.235                            
  Liver cirrhosis                     1.535        0.851--2.771                  0.155                            
  Hepatitis B                         1.198        0.768--1.867                  0.425                            
  Hepatitis C                         1.411        0.799--2.492                  0.235                            
  PD duration (months)                1.006        1.003--1.010                  \<0.001   1.000   0.994--1.006   0.919
  Residual urine                      0.639        0.461--0.886                  0.007     0.997   0.613--1.621   0.990
  White blood cell count (1,000/µL)   1.032        0.977--1.091                  0.259                            
  Hemoglobin (g/dL)                   0.871        0.785--0.966                  0.009     0.958   0.841--1.092   0.522
  Platelet count (1,000/µL)           1.001        0.999--1.003                  0.351                            
  Albumin (g/dL)                      0.566        0.399--0.804                  0.001     0.651   0.377--1.125   0.124
  Total cholesterol (mg/dL)           0.999        0.996--1.002                  0.441                            
  Triglyceride (mg/dL)                1.000        0.998--1.001                  0.907                            
  HDL (mg/dL)                         1.000        0.988--1.012                  0.966                            
  LDL (mg/dL)                         0.998        0.994--1.003                  0.398                            
  HbA1c (%)                           1.168        1.007--1.355                  0.040     0.966   0.754--1.238   0.786
  Blood urine nitrogen (mg/dL)        0.992        0.982--1.001                  0.087                            
  Creatinine (mg/dL)                  0.950        0.898--1.004                  0.070                            
  Uric acid (mg/dL)                   0.920        0.806--1.052                  0.223                            
  Calcium (mg/dL)                     0.999        0.852--1.172                  0.994                            
  Phosphorus (mg/dL)                  0.915        0.809--1.035                  0.159                            
  Aluminum (µg/dL)                    1.183        1.005--1.394                  0.044     1.062   0.875--1.289   0.541
  iPTH (pg/mL)                        1.000        0.999--1.000                  0.679                            
  Transferrin saturation (%)          0.458        0.113--1.863                  0.275                            
  Ferritin (µg/L)                     1.000        1.000--1.000                  0.144                            
  PD system (Fresenius Stay Safe)     0.580        0.144--2.341                  0.444                            
  PD modality (APD)                   1.297        0.878--1.916                  0.191                            
  Daily dwell volume (L)              1.031        0.951--1.118                  0.455                            
  Icodextrin                          0.762        0.554--1.047                  0.094                            
  Nutrineal                           1.364        0.863--2.562                  0.269                            
  Dialysate dextrose (%)              1.450        1.075--1.956                  0.015     1.251   0.825--1.899   0.292
  Dialysate calcium (2.5 mEq/L)       0.953        0.708--1.282                  0.750                            
  Dialysate/plasma creatinine         7.680        2.037--28.954                 0.003     0.883   0.125--6.218   0.901
  Weekly Kt/V urea (total)            0.939        0.608--1.450                  0.775                            
  Weekly CCr (normalized)             0.993        0.982--1.005                  0.235                            
  Cardiovascular event(s)             1.853        1.331--2.579                  \<0.001   1.539   1.014--2.337   0.043
  Infective episode(s)                2.843        1.874--4.312                  \<0.001   2.047   1.279--3.276   0.003
  Malignancy                          1.478        0.941--2.323                  0.090                            
  EPS                                 2.519        1.497--4.237                  \<0.001   2.313   1.192--4.488   0.013

**Abbreviations:** HR, hazard ratio; CI, confidence interval; HS-CRP, high-sensitivity C-reactive protein; DM, diabetes mellitus; CAD, coronary artery disease; CHF, congestive heart failure; SLE, systemic lupus erythematosus; PD, peritoneal dialysis; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HbA1c, glycated hemoglobin; iPTH, intact parathyroid hormone; APD, automated peritoneal dialysis; CCr, creatinine clearance; EPS, encapsulating peritoneal sclerosis.

###### 

Comparison of the clinical outcomes between the current and published studies from different geographic areas

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Year                      Country     Sample size   Mean age   DM      Transfer to HD   Mortality      CRP type   Mean CRP (mg/L)   Predictor of dropout   Predictor of mortality
  ------------------------- ----------- ------------- ---------- ------- ---------------- -------------- ---------- ----------------- ---------------------- ------------------------
  1998[@b35-tcrm-13-1009]   Korea       105           49.0       11.4%   ?                2-year 8.6%    CRP        6.5 (baseline)    No (baseline)          Yes (baseline)

  2001[@b39-tcrm-13-1009]   Australia   50            63.0       20.0%   3-year 10.0%     3-year 56.0%   CRP        8.0 (baseline)    --                     No (baseline)

  2003[@b38-tcrm-13-1009]   Hong Kong   246           55.0       30.9%   2-year 9.3%      2-year 24.0%   HS-CRP     2.84 (baseline)   --                     Yes (baseline)

  2005[@b29-tcrm-13-1009]   Turkey      97            42.1       ?       3-year 14.4%     3-year 18.6%   CRP        7.2 (baseline)\   --                     No (baseline)\
                                                                                                                    8.0 (averaged)                           Yes (averaged)

  2010[@b40-tcrm-13-1009]   Korea       187           54.0       56.7%   6-year 18.1%     6-year 31.6%   HS-CRP     ?                 No (baseline)          No (baseline)

  2014[@b22-tcrm-13-1009]   Taiwan      402           48.6       17.7%   2-year 20.1%     2-year 7.0%    HS-CRP     9.57 (baseline)   Yes (baseline)         Yes (baseline)
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** DM, diabetes mellitus; HD, hemodialysis; CRP, C-reactive protein; HS-CRP, high-sensitivity C-reactive protein.

[^1]: These authors contributed equally to this work
